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Executive Summary

To monitor for the presence of marine mammaldigh-frequency Aoustic Recording Package
(HARP) recordedvi t hi n tVirgnia NapesyRange Complexffshore from Cape Hatteras
(HAT), betweerApril 2015 andJanuary2016. The HAT site wa®tated approximately 7#m
offshore inabout1000 m of water.

The HARPrecordedunderwater acoustic date@tween 10 Hz and 10Hz. Data analysis consisted

of analyst scans of longrm spectral averages (LTSAs) and spectrograms, and automated computer
algorithm detection when possible. Three frequency bardsanalyzed for marine mammal
vocalizations and anthropogenic sound$ Low-frequency, between 1B0O0Hz, (2) Mid

frequency, between 19,000 Hz, ad (3) Highfrequency, betweei100 kHz.

Threebaleen whale species were detected: fin whakgisvhales, and minke whaleBin whale
calls weredetectedhroughout the monitoring ped with a peak in calling from November 2015
through early January 2018ei whalesveredetected in December 2015 and January 2Bllitke
whalepulse trains wereommon in April 2015 and from November 2015 to January 2016.

Echolocation clicks frosixk nown odont ocete species were dete
whalesCuvi er 6s beaked whale, Gervai s andlogaespped wh al
Five distinctclick typesthat are not yet assigned to a species were also detétied s dphirss d o

were detectetetween May and June 20X5perm whale detections peakedMay 2015, August

2015 and January20l6uvi er 6s and GervaisodoO beaked whal es
monitoring period. A singl e Bteaedmyvandary2086s beake
Kogiaspp.echolocation clicksvere detected throughotite deploymentvith a peak in June 2015

Two categories of unidentified odontocete whistles were dete@tlstles below kHz and
whistles above &Hz were detectethroughout the monitoring period.

Airgunsand broadband ships were the most commdatgcted anthropogenic soun@sher
anthropogenic sounds detected incledplosions]l.ow-Frequency Active (LFA) sonabove500

Hz, Mid-Frequency Active (MFA) sonaandechosounder8roadband ship noisgas detected
throughout the recording periaflirgunswere detected throughout the recording pewitti higher
detection rates in summer months. A gap in airgun activity was observed in May and June 2015
Explosions wes detected infrequently with a peak in August 20dBA sonar wasletected
sporadically throughout the deploymelnEA sonarabove500 Hz was detectezh a single day in
SeptembeR015. Echosounders were detected throughowtépyment, with higher nunelps in
summer months.



Project Background

TheU S N aMirginria<Capes Range Complex is located in the coastal and offshore waters of the
western North Atlantic Ocean adjacent to Delaware, Maryland, Virginia, and North Carolina. The
seafloorfeaturesa broad continental shelf, with an inner zghallowerthan 200m water depth,

and an outer zonextending to water depths of 2000 A diverse array of marine mammads

found in this regionincluding baleen and toothedhales

In March 2012, an acatic monitoring effort was initiated within the boundaries of the Virginia

Capes Range Complex with support from the Atlantic Fleet under conttdBXRandDuke

University. The goal of this effort was to characterize the vocalizations of marine mapec# s
present in the area, to determine their seasonal presence patterns, and to evaluate the potential for
impact from naval operations. This report documents the analysis of data recoeddiby

frequency Aoustic Recording Package (HAR#ployedoff Cape Hatteragesignated HAT)

within theVirginia Capes Range Compléxatcollected data frompril 2015 - January2016

(Figurel).
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Figure 1. Location of High-frequency Acoustic Recording Package (HARP) at site HAT36° 20.531N,
74° 51.436 W depth 980m) recording from April 2015 to January 2016.




Methods

High-frequency Acoustic Recording Package (HARP)

HARPsare ationomous underwater acoustic recording packagesahatecord soundsver a
bandwidthfrom 10 Hz up to 160 kHz artiatare capable of approximately 300 days of continuous
data storage. The HARFasdeployedn acompact smalinooring corfiguration withthe
hydrophonesuspended approximate2 m above the seaflooiEach HARP igalibrated in the
laboratory to provide a quantitative analysis of the received sound field. Representati

loggers and hydrophoneswereatsa | i br at ed a tSDEQfacilitNtavwenfydhe T RAN
laboratory calibrationéWiggins and Hildebrand, 2007)

Data Collected

One HARP was deployed from April 2015 to April 204t6HAT (35° 20.531N, 74° 51.436W,

depth 980 m) and sampled continuously at 200 kHz to provide 100 kHz of effective bandwidth.
The instrument recorded 289.5 days frapril 7, 2015to January21, 2016 for a total 016,948

hours of data analyzed. Earlier datdlection in the Virginia Capes Range Complex is documented
in apreviousreport(Debichet al, 2016).

Data Analysis

To visualize the acoustic data, frequency spectra were calculated for all data using a time average of
5 seconds and variable size fueqcy bins (1, 10, and 100 Hz). These data, called-Iengp

Spectral Averages (LTSAsykere then examined as a means to detect marine mammal and
anthropogenic sounds. Data were analyzed by visually scanning LTSAs in-specte

frequency bands andihen appropriate, using automatic detection algorithms (described below).
During visual analysis, when a sound of interest was identified in the LTSA but its origin was

unclear, the waveform or spectrogram was examined to further classify the souretses sp

source. Signal classification was carried out by comparison to known sppe@fc spectral and
temporal characteristics.

Recording over a broad frequency range of 10 HB0 kHz allows detection of baleen whales
(mysticetes), toothed whalésdontocetes), and anthropogenic sounds. The presence of acoustic
signals from multiple marine mammal species and anthropogenic noise was evaluated in the data.
To document the data analysis process, we describe the major classes of marine mammeal calls a
anthropogenic soundn the region and the procedures used to detect them. For effective analysis,
the data were divided into three frequency bands: (1)}tequency, 16800 Hz, (2) Mid

frequency, 165,000 Hz, and (3) Higifrequency, 1100 kHz.

Eachband was analyzed for the sounds of an appropriate subset of species or sources. Blue, fin,
Brydeds, sei, minke, and North At-freguetcy.c ri ght
Humpbackwhale calls nearby shipping, explosior@rguns underwatecommunicationdow-

frequency active sonabove500 Hz,and midfrequency active sonar sounds were classified as

mid-frequency. The remaining odontocated sonasounds were considered hifflequency. For
7



efficient analysis of lowfrequencyrecording, datavere decimatetly a factor of 10@nd for the
mid-frequencyanalysisby a factor of 20.

We summarize acoustic data collecbetweerApril 2015 andJanuary2016 We discuss seasonal
occurrence and relative abundance of calls for different spaeteanthropogenic sounds that were
consistently identified in the acoustic data.

Low-Frequency Marine Mammals

The Virginia Capes Range Complex is inhabited, at least for a portion of the year, by blue whales
(Balaenoptera musculiysfin whales B. physalus) Br y d e @sedenjhsai iraalesk.(

borealig, minke whalesBE. acutorostrat® and North Atlantic right whale&(balaena glacialis

The hourly presence of North Atlantic blue whale calls, blue whale arch sounds, fin whale 40 Hz
calsBr ydeds whale Be7 and Be9 calls, sei whale ¢
North Atlantic right whale wgalls was determined by manual scrutiny of fimaquency LTSAs

and spectrogram&or this analysis, the 200 kHz sampled raw data were deeiinay a factor of

100 for an effective bandwidth of 1 KHLTSAs of decimated datavere created using a time

average of 5 secds and frequency bins of 1 Hehe same LTSA and spectrogram parameters

were used for manual detection of all call types usiegctistom software prografmiton. During
manual scrutiny of the data, the LTSA was set to disjpeguenciebetween 1300Hz with a 1

hour plot lengthTo observe individual calls, the spectrogram window was typically set to display
1-250 Hz with a 60eacond plot length. Thepectral analysiengthwas generally set between 1500
and 2000 data points, yielding about 1 Hz frequency resolution, with-@8%%verlap.When a

call of interest was identified in the LTSA or spectrogram, its presence dbanigour was logged.

Fin whale 20 Hz calls were detected automatically using an energy detection method and are
reported as fin whale acoustic index.

Blue Whales

Blue whales produce a variety of calls worldw{tcDonaldet al, 2006) Blue whale calls
recorded in the western North Atlantic include the North Atlaiotialcall and the arch call
(Mellinger and Clark, 2003)

Blue Whale North Atlantic Calls

Theblue whaletonalcall is an 1819 Hztone lasting approximately 8 aften followed byan 1815
Hz dlightly frequency modulated compondasting approximately 11 &igure2). There were no
detectionsof blue whale tonal calls in this recording.
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Figure 2. North Atlantic blue whale calls in the LTSA (top) and spectrogram (bottom) recorded at
HAT. Red arrow indicates location of LTSA expanded in the spectrogram.

Blue Whale Arch Calls

The blue whale arch calare variabldrequency modulated callgsually covering frequencies
betweerapproximately70 and35 Hzlasting up t&6 s Figure3). There were no detections for blue
whale archcalls in this recording.

Hz ,
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65 \ ’. ?
60 L T T T
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Figure 3. Blue whale arch calls from Mellinger and Clark (2003).

Fin Whales

Fin whales produce two types of short (approximately 1 s durationfrémuency calls:
downsweep# frequency from 345 Hz, called 20 Hz call®Vatkins, 1980)Figure4) and
downsweeps from 780 Hz, called 40 Hz callg-{gure5). The 20 Hz calls can oar at regular
intervals as sonffhompsoret al, 1992) or irregularly as call counteralls among multiple,
traveling animalgMcDonaldet al, 1995) The 40 Hz calls most often occur in irregular patterns.
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Fin Whale 20 Hz Calls

Fin whale 20 Hz callsRigure4) were detected automatically using an energy detection method

( Gi rovi | .@&Hemathod used aff@rénde)in acoustic energy between signal and noise,
calculated frona5 s LTSA with 1 Hz resolution. The frequency at 22 Hz was used as the signal
frequency, while noise was calculated as the average energy between 10 and 34 Hz. The resulting
ratio istermed fin whale acoustic index and is reported as a daily average. All calculations were
performed on aB scale.

Frequency [Hz]

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Frequency [Hz]

5 10 15 20 25 30 35 40 45 50 55
01/15/2016 16:02:55 Time [Seconds]

Figure 4. Fin whale 20 Hz calls in the LTSA (top) and spectrogram (bottonmecorded at HAT . Red
arrow indicates location of LTSA expanded in the spectrogram.

Fin Whale 40 Hz Calls

The presence of fin whale 40 Hz cal8dgure5) was examined via manualssming of the LTSA

and subsequent verification from a spectrogram of the frequency and temporal characteristics of the
calls. There were no confirmed detectiarffin whale 40 Hz calls in this recording.

1C
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Figure 5. Fin whale 40 Hz calls in the LTSA (top) and spectrogram (bottomecorded at HAT during
previous deploymentsRed arrow indicates location of LTSA expanded in the spectrogram.
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Brydeds Whal es

B r y dmbades inhabit tropical and subtropical waters worldw@mura, 1959; Wade and
Gerrodette, 1993and have &en reported as far north as Chesapeake Bay in the Northwestern
Atlantic (Rice, 1998)

Be 7 Calls

The Be7 call I's one of several call types in t
Southern Caribbeai®lesonet al, 2003) The average Be7 call has a fundamental frequency of 44

Hz and ranges in duration between 0.8 and 2.5 s with an average interoadl iot@.8 minutes

(Figure6). There were no detectionéBr yd e 6 s wh @these Boerdingc al | s
200

S‘

‘;._l_ 100

s

&

'S

U 2 F
Timea (s)

Figure 6. B rwhatk &8é7scall from Olesoret al (2003.
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Be 9 Calls
The Be9 call type, described Brr y d e 6 s thelGalflofeVexico( nG i rebav, R014) is a

downswept pulse ranging from 143 to 85 Hz, with each pulse approximately 0.7 Bitung 7).

There were no detectionsBr y d e 6 s 9 egalsanlthese Beordings.

Time [s]

Figure 7. Brydeo6s WdmaHe 6ulfBfeviexica(®1 t evi i )t al ., 201
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Sei Whales

Seiwhales are found primarily in temperate waters and undergo annual migrations between lower
latitude winter breeding grounds and higher latitude summer feeding gr@dizasch et al, 1984,
Perryet al, 1999) Multiple sounds have been attributed to sei whales, including-#érémmency
downsweegBaumgartner and Fratantoni, 2008; Baumgarghed, 2008) These calls typically

sweep from a starting frequency around 100 Hz to an ending freqgaemmd 40 HzKigure3).

200

150 B

Frequency [Hz]
2

50

01/07/2016 11:30:01

150

50

Frequency [Hz]

5 10
01/07/2016 11:52:00

Time [seconds]

Figure 8. Sei whale downsweep calls in the LTSA (top) and spectrogram (bottdmecorded at HAT.
Red arrow indicates location of LTSA expanded in the spectrogram.
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Minke Whales

Minke whales in the North Atlantic produce long pulse trains. Melliegjat. (2000)describd

minke whale pulse sequences near Puerto Rico as-spestt slowdown pulse trains, wht

increasing and decreasing pulse rates respectively. Recently, these call types were detected in the
North Atlantic and they were expanded to also include pulse trains witiiangimg pulse rates

(Rischet al, 2013)(Figure9). The presence of pulse trains was marked but effastnot

expended to denotehethertheywereslow-down speedup, or constantypes.

300

N N
o [6))
o o

Frequency [Hz]
g

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
01/15/2016 15:55:36 Time [hours]

250
200
150 §

100 &

Frequency [Hz]

50

10 20 30 40 50 60 70 80 90
01/15/2016 16:02:45 Time [seconds]

Figure 9. Minke whale pulse train in the LTSA (top) and spectrogram (bottomYecorded at HAT. Red
arrow indicates location of LTSA expanded in the spectrogram.
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North Atlantic Right Whales

The critically endangered North Atlantic right whale is found in thesi&n North Atlantic.

Several call types that have been described for the North Atlantic right whale include the scream,
gunshot, blow, weall, warble, and dowwall (Parks and Tyack, 2005for lowfrequency

analysiswe examined the dataanuallyfor up-calls, which are approximately 1 second in duration
and range between 80 Hz and 200 Hz, sometimes with harn{bigase10). There were no
confirmed detections for North Atlantic right whale calls in this recording.

Frequency [Hz]

Time [hours]

Frequency [Hz]

Time [seconds])

Figure 10. North Atlantic right whale up-calls in the LTSA (top) and spectrogram (bottomYecorded
at HAT. Red arrow indicates location of calls in the LTSA.
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Mid -Frequency Marine Mammals

Marine mammal species with sounds in the-frédjuency range expected in tginia Capes

Range Compleinclude humpback whaledggaptera novaeanglide For midfrequency data
analysis, the 100 kHz data were decimated by a factor of 20 for an effective bandwidth of 5 kHz.
The LTSAs for midfrequency analysis were created using a time average of 5 seandds,
frequency bin size of 18z. Humpback whales were detected automatically as described below.

Humpback Whales

Humpback whales produce both song andsamg call{Payne and MVay, 1971; Dunloget al,

2007; Stimperet al, 2011) Most humpback whale vocalizations are produced between 100
3,000 Hz. An automatic detection algorithm based on the generalimeer law was used to detect
humpback call§Helbleet al, 2012) Potential detections were subsequently verified for accuracy
by a trained analysHgurell). There was no effort to separate song andsumy calls. There

were o humpback whale detectiomsthis deployment.

' Il

0 375 75 nas 7125 7
10-Mar-2013 22 0400 10-Mar-2013 220738

Figure 11. Humpback whale song fromprevious deployment atthe HAT sitein the analyst
verification stage of the detector. Green in the bottom evaluation line indicates true detections.
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High-Frequency Marine Mammals

Marine mammal species with sounds in the Higloquency rangand possibly founeh theVirginia

Capes Range Compléxclude bottlenose dolphin3rsiops truncatus shortfinned pilot whales
(Globicephala macrorhynchydongfinned pilot whales@. mela), shortbeaked common

dolphins Pelphinus delphis Atlantic spotted dolphinsStenella frontaliy pantropical spotted

dolphins Gtenella frontaliy spinner dolphinsStenella longirostris striped dolphinsStenella
coeruleoalbd, Clymene dolphinsXenella clymeng roughtoothed dolphins§teno bredanengis

Ri s s 0 6 s Gohmpupdniseys killer(whales Qrcinus orcg, pygmy killer whalesKeresa
attenuatg, melonheaded whales$”eponocephala electyasperm whalesRhyseter

macrocephalus dwarf sperm whalesKogia simg, pygmy sperm whalg¥ogia brevicepks

Cu v i eakédsvhalesZfphius cavirostriy , Ger vai s 60 Mésepmdoralropadya | e s (
Bl ai nvil |l e 6 sMedngoaldn dethsirestT Ir e € 6 6 b e dMesomodon mias e s (
andSower byods b Mestpodbnbidbns| es (

High-Frequency Call Types

Odontocete sounds can be categorized as echolocation clicks, burst pulses, or whistles.
Echolocation clicks are broadband impulses with peak energy between 5 and 150 kHz, dependen
upon the species. Buzz or burst pulses are rapidly repeated clicks that have a creakk® buzz
sound quality; they are generally lower in frequency than echolocation clicks. Dolphin whistles are
tonal calls predominantly between 1 and 20 kHz that wafrequency content, their degree of
frequency modulation, as well as duration. These signals are easily detectalld $Azams well

as the spectrograrfigurel?).
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Figure 12. LTSA (top) and spectrogram (bottom) demonstrating odontocete signal types.
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SpermWhales

Sperm whale clicks contain energy fror2@kHz, with the majority of energy between-18 kHz
(Mghl et al, 2003)(Figure13). Regular clicks, observed during foraging dives, demonstrei€la
from 0.252 s(Goold and Jones, 1995; Madssral, 2002a) Short bursts of closely spaced clicks
calledcreaksare observed during foraging dives and are believed to indicate a prexttdiapt
(Mellingeret al, 2007). Slow clicks are used only by males and are more inteaserégular

clicks with long intefclick intervals(Madsenret al, 2002b) Codas are stereotyped sequences of
clicks which are less intense and contain lower peak frequencies than regkta(ivV¢htkins and
Scheuvill, 1977) Effort was not expended to denote whether sperm whale detections were codas
regula or slow clicks.

Frequency [kHz]

0 ! I | , O I I
0 0.1 0.2 0.3 0.4 0.5 06 0.7 0.8 0.9 1
06/21/2015 16:00:00 Time [hours]

100

Frequency [kHz]
3

5 1 1.5 2 2.5 3 35 4 45
06/21/2015 16:52.28 Time [Seconds]

Figure 13. Sperm whale echolocation clicks in LTSA (top) and spectrogram (bottonmgcorded at
HAT. Red arrow indicates location of LTSA expanded in the spectrogram.
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Beaked whales

Beaked whales can be identified acoustically by their echolocation s{@aalsianAPickeringet

al., 2014; Stanistreett al, 2016) These signals are frequerncydulated (FM) upsweep pulses,

which appear to be species specific and distinguishable by their spectral and temporal features.

|l denti fiable signals are known for Geresai so, B
No Sower byds beaked wh a loreansprevioasHAT rdcertirgandteegg i n t h
are not further described below.

Beaked whale FM pulses were detected with an automated method. This automated effort was for
all identifiable beaked whalégmnals found in th&/irginia Capes Range Compleifter all

echolocation signals were identified witlT@ager Kaiser energy detec{@oldevillaet al, 2008;

Rochet al, 2011) an expert system discriminatedweén delphinid clicks and beaked whale FM
pulsesA decision about presence or absence of beaked whale signals was based on detections
within a 75 second segment. Only segments with more than 7 detections were used in further
analysis. All echolocation sigls with a peak and center frequency below 32 and 25 kHz,
respectively, a duration | ess than 355 Ifes, and
more than 13% of all initially detected echolocation signals remained after applying thege criter
the segment was classified to have beaked whale FM pulses. A third classification step, based on
computer assisted manual decisions by a trained analyst, was used to label the automatically
detected segments to pulse type level @ject false detectns(BaumannrPickeringet al, 2013)

The rate of missed segments is approximately 5%, varying slightly acrossrdeptsy

Cuvierbs Beaked Whal es

C u v i =akédsvhalecholocation signals are polycyclic, with a characteristic FM pulse upsweep,

peak fequency around 40 kHFEigure 14), and uniform intejpulse interval of about 0.5 s (Johnson

et al., 2004; Zi mmer et al., 2005). An additio
FM pulses is that they have two characteristic spepeaks around 17 and 23 kHz.

Frequency [kHz]

. 02 03 04 05 06 0.7 08 09 1
04/12/2015 18:57:10 Time [hours]
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recorded at HAT.

Gervai s0 Beaked Whal es
Gervaisd beaked whal eratadiinghe 80 58 kHh lBandéillespieetalgy conc
2009) with a peak at 44 kH@BaumannrPickeringet al, 2013) Whi | e Ger vai sd bealk

signals are similartothosé o Cuvi er 6s and Bl ainvillebs beaked
FM pul ses are at a slightly higher frequency t
beaked whale FM pulses sweep up in frequeRgyu¢el5) . The | PI for Gervai s
signals is typically around 275 ms (Baumd®inkering et al. 2013).
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Figure 15. Gervaisbéb beaked whal eop)andspedtrogram fbottorm) c | i

recorded at HAT.
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Bl ainvill eds Beaked Whal es

Bl ainbebdkedswhal e echol ocation signals are
with a characteristic frequenegyodulated upsweep, peak frequency around 34 kHz and uniform
inter-pulseinterval (IPI) of about 280 m@ohnsoret al, 2006; Baumarn®ickeringet al, 2013)

Bl ainvillebéds FM pulses are also distinguishabl
around 25 kHz with only a small energy peak at around 22 Kifpie16).
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Figure 16. Bl ainvill eds beaked whop)lardspecrageaim ¢bottar)i o 1

recorded at HAT. Red arrow indicates location of LTSA expanded in the spectrogram.
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Kogia Spp.

Dwarf and pygmy sperm whales emit echolocation signals which have peak energy at frequencies
near 130 kHZAu, 1993) While this is above the upper frequency band recorded by the HARP
during these deploymenthe lower portion of th&ogia energy spectrum is within the 100 kHz

HARP bandwidth Figure17 andFigurel8). The observed signal may result both from the-low
frequency tail of th&ogia echolocation click spe, and from aliasing of energy from above the
Nyquist frequency of 10RHz. Kogia echolocation click were analyzed usingnaulti-step detector.

The first stepdentifiedclicks with energy in the 7000 kHzband that lackderergy in lower

frequency bargl An expert system then classified these clicks based on spectral charactéunmstics
analyst verified all echolocation click boutsgnually.
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Figure 17. Kogia spp echolocation clicks in the LTSA (top)and spectrogram (bottom)recorded at
HAT . Red arrow indicates location of LTSA expanded in the spectrogram.

70 - 1 1
E i |
= €0 808 208
— c c
o 50 3 3
g O 06 O 086
fas) o °
s ¥ g 2
@ © 04 T 0.4
5 % £ E
= ¥ o o
S 20//f Z 02 Z 02
<
10 0 0
60 70 80 90 100 60 70 80 90 100 0 01 02 03 04
Frequency (kHz) Peak Frequency(kHz) Interclick Interval (sec)
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Ri ssob6s Dol phin

Ri sso06s d odFigyudl®andFigure2( Have fréquency peaks at approximately 22 and

33 kHz. These clicks have a rdal interclick interval of approximately 0.18econdsKigure20).

Past studies have shown vlphatlicks e slight atiatiopsrwithp e r t |
geographic regio(Soldevillaet al, 2014) although the multiple sharp frequency peaks and

averge interclick interval (ICI) found at these NoHWestern Atlantic sites are similar to what has

been found elsewhere.
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Unidentified Odontocetes

Many Atlantic delphinid sounds are not yet distinguishable to species based on the character of their
clicks, buzz or burst pulses, or whist{@ochet al, 2011; Gillespieet al, 2013) For instance,

common dolphin species (shdrtaked and longpeaked) and bottlenose dolphins make clicks that

are thus far indistinguishable from each ottgoldevillaet al, 2008) R i dolphin&lEks are
distinguishable, and were identified based on known characte(Sttdevillaet al., 2008)

Whistles

Many species of delphinids produce tonal calls known as whistiggré12). These frequeney
modulated signals are predominantly found between 1 and 20 kHz. Whistles were detected
manually in LTSAs and spectrograms, and characterized based on their frequency content as
unidentified odontocete whistles either above or below 5 Krgure21, Figure2?2).
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Figure 21. Unidentified odontocete whistles over 5 kHz in the LTSA (top) and spectrogram (bottom)
recorded at HAT. Red arrow indicates location of LTSA expanded in the spectrogram.
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Figure 22. Unidentified odontocete whistles under 5 kHz in the LTSA (top) and spectrogram (bottom)
recorded at HAT. Red arrow indicates location of LTSA expanded in the spectrogram.

Echolocation clicks

Delphinid echolocation clicks wedetected automatically using an energy detector with a

minimum received level threshold of 1204Be: 1 pPa. (Rockt al.,2011, Frasier 2015). False
positives were identified and removed manually by an analyst, who reviewed LTSAs and mean
spectra for ach detected bout. A bout was defined as a period of clicking separated before and after
by at least 15 minutes without clicking.

Dominant click types at this site were identified automatically by dividing detections into

successive fiveninute windows ad determining the dominant click tyis¢in each window. An

automated clusteringlgorithmwas then used to identify recurrent types across all windows (Frasier

et al in prep). Recurrent types were used as templates. Templates were attributed taca specif
species if known (e.gRi ssob6s dol phin) or assigned a number
were compared with the click types in edigle-minute window for matches. Click types that

matched a template were classified by the matched template tyflekthat did not match a

template were labeled as unknown.
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Click Type 1

Click type 1 Figure23 andFigure24, left) has two small frequency peaks at 12 and16 kHz with a
variable main peak frequepnbetween 32 and 45 kHz. It has a modal ICI at 0.07 secéigle¢

24, right). The modal ICI of this echolocation click is similar to what is found in species bejong
to theStenellagenus Figure24).
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Figure 23. CT 1 in the LTSA (top) and spectrogram (bottomyecordedat HAT. Red arrow indicates
location of LTSA expanded in the spectrogram.
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Figure 24. Left: Meanfrequency spectrumof CT 1 cluster (solid line) with 25" and 73" percentiles
(dashed lines); Center: Distribution of clickcluster peak frequencies; Right: Distribution of inter -
click-intervals within cluster with modal peak at 0.07 seconds.
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Click Type 2

Click type 2 Figure25) has two minor peakst 12 and 19 kHZHjgure26, left), and variable
dominant peak frequency between 27 and 32 Igufe26, center) and a modal intelick
interval of 0.15 second§&igure26, right).
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Figure 25. CT 2 in the LTSA (top) and spectrogram (bottomyecorded at HAT. Red arrow indicates
location of LTSA expanded in the spectrogram.
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Figure 26. Left: M eanfrequency spectrum of CT 2 cluster (solid line) with 25" and 75" percentiles
(dashed lines); Center: Distribution of clickcluster peak frequencies; Right: Distribution of inter-
click-intervals within cluster with modal peak at 0.15 seconds.
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Click Type 4

Click type 4 Figure27 andFigure28, left) has characteristic spectral peaks at 13, 21 and 27 kHz
and a mean peak frequency at approximately 55 Kitri{e28, center). It has a modal intelick
interval of 0.7 second$-{gure28, right).
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Figure 27. CT 4 in the LTSA (top) and spectrogram (bottom)recorded at HAT.
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Figure 28. Left: Mean frequency spectrumof CT 4 cluster (solid line) with 25" and 75" percentiles
(dashed lines); Center: Distribution of clickcluster peak frequencies; Right: Distibution of inter -
click-intervals within cluster with modal peak at 0.07 seconds.
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Click Type 6

Click type 6 Figure29 andFigure30) has aneanspectral peakt24 kHz Figure30, center). It
has a modal inteclick interval peak at approximately 0.16 secorfedgyre30, right). The average
ICI of this click type is longer than what is commonly found in echolocation clicks of smaller
dolphins, suggesting that this click might belong to one of the blackfish sfRoiset al, 2013,
BaumannPickeringet al, 2015)
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Figure 29. CT 6 in the LTSA (top) and spectrogram (bottomyecorded at HAT.
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Figure 30. Left: Mean frequency spectrum of CT 6 cluster (solid line) with 25" and 75" percentiles
(dashed lines); Center: Distribution of clickcluster peak frequencies; Right: Distribution of inter-
click-intervals within cluster with modal peaks at 0.07 and 0.13 seconds.
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Click Type 7

Click type 7 Figure31 andFigure32) is characterized primarily by burst pulses, with a mog@al |
below 0.01 second$igure32, right). Occasional regular clicks are detected, with no distinct modal
ICI. Peak frequency is between 24 and 26 kiHgure32, center).
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Figure 31. CT 7 in the LTSA (top) and spectrogram (bottomyecorded at HAT.
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Figure 32. Left: Meanfrequency spectrum of CT 7 cluster (solid line) with 25" and 73" percentiles
(dashed lines); Center: Distribution of clickcluster peak frequencies; Right: Distribution of inter-
click-intervals within cluster.
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Anthropogenic Sounds

Several anthropogenic sounds were monitored for this report: broadband shipinguses,

explosions].FA sonarabove500 Hz,MFA sonar HFA sonarand echosounderdManual effort

was expended for broadband ship noesglosionsMFA, LFA, HFA andechosounderglablel).

The start and end of each session was logged and their durations were added to estimate cumulative
hourly presenceA detector was used ffairgunanalysisasdescribed belw.

Table 1. Anthropogenic sound datamanual analysis parameters.

Sound Type LTSA Sear_ch Parameters
Plot Length (hr) Display Frequency Range (Hz)

Broadband Ship Noise 3 107 5,000

Explosions 0.75 107 1,000

LFA Sonar 0.75 107 2,000

MFA Sonar 0.75 1,000i 5,000
HFA Sonar 1 10,000i 100,000
Echosounder 1 5,0001 100,000

Airgunswere detected automatically and manually verified following the method used for
explosion detections by Debiel al. (2016) This approach produces moregse airgun counts
and imposes a consistent detection threshold.

Explosions were detected manually due to heavy airgun activity and numerous fish sounds, which
falsely trigger the automatic detector. Because explosions were few relative to other $igpals, t
were more readily distinguished by a trained analyst reviewing LTSAs. This diffensafprevious
report(Debichet al, 2016)for which explosions were automatically detected.
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Broadband Ship Noise

Broadband ship noise occurs when a ship passes within a few km of the hydrophone. Ship noise
can occur for many hours at a time, but broadbandrshge typically lasts from 10 imutes up to 3
hours. Ship noise has a characteristic interference pattern in the(Mc&&nnaet al, 2012)
Combinationof direct patls and surface reflected paths produce constructive and destructive
interference (bright and dark bands) in the spectrogram that varies by frequency and distance
between the ship and the receivieiglre33). Noise can extend above 10 kHz, though it typically
falls off above a few kHzBroadband ship analysis effort consisted of manual scans of the LTSA
set at 3 hours with a frequency range of H)000 Hz.
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Figure 33. Broadband ship noise in the LTSA (top) and spectrogram (bottonmecorded at HAT .

33



Explosions

Effort was directed toward finding explosive sounds in the idatading military explosionand

seal bombs used by the fishinglustry. An explosion appears as a vertical spike in the LTSA that,
when expanded in the spectrogram, has a sharp onset with a reverberarftigecag4).

Explosian analysis effort consisted of manual scans of the LTSA set at 0.75 hours with a frequency
range of 10 1,000 Hz. Explosions/ere automatically detected for a previous HAT refebich

et al, 2016) Manual detections were preferred to the automated detector in this casdyne

false positive rates associated with heavy airgun activity and numerous fish sounds.
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Figure 34. Explosions in the LTSA (top) and spectrogram (bottomjecorded at HAT .

34



Airguns

Airgunsareregularlyused in seismic exploration itavestigatehe ocean floor and what lies
beneath it. A container of higbressure air is momentarily vented to the surrounding water,
producing an aifilled cavity which expands and contracts violently several ti(Basger and
Hamblen, 1980) While most of the energy produced by an air gun array falls below 250 Hz,
airgunscan produce significant energy at frequencies up to at least (Btiktkmanet al, 2004)
Source levels tend to be over 200 dB g”am (Blackmanet al, 2004; Amundsen and Landro,
2010) These blasts typically have an infariseinterval of approximately 10 seconds and can last
from several hours to dayEigure35).
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Figure 35. Airgun pulses recorded at HAT in the analyst verification stage of the detéor.

Airguns were detected automatically using a matched filter detector on data decimated to 10 kHz
sampling rate. The timeseries was filtered with 8 d@er Butterworth bandpass filtieetween 25
and D0 Hz. Cross correlation was computed betw&eseconds of the envelope of the filtered
timeseries and the envelope of a filtered example explosion (0.7 s, Hann windowed) as the matched
filter signal. The cross correlation was squar
floating threshal was calculated by taking the median cross correlation value over the current 75
seconds of data to account for detecting airguns within noise, such as shipping. A cross correlation
threshold o£2*10°° above the median was set. When the correlation coefficient reached above this
threshold, the timeseries waspected more closelZonsecutive airgun blasts were required to
have a minimum time distancé 2 seconds to be detected. A 306int (0.03 s)Ibating average
energy across the detection was computed. The start and end times above the threshold were
markedwhen the energy rose by more than 2 dB above the median energy across the detection.
Peakto-peak (pp) andoot-meansquae (RMS) received leels (RL) were computed over the
potential blast period as well as a timeseries of the length of the airgun blast template before and
after the explosion. The potential airgun blast was classified as a false detection and deleted if 1) the
dB difference p@and rms between signal and time AFTER the detection wathksg dB 00.5
dB, respectively; 2) the dB difference pp and rms between signal and time BEFORE the signal was
less than 3 dBr 0.5dB, respectively; and 3) the detection was shorter thans@0®nger tharl0
s. The thresholds were evaluated based on the distribution of histograms of manually verified true
and false detectiondirgun blast interpulse intervals were used to discard potential airgun
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detections that were not part of a seqeeAdrained analyst subsequently verified the remaining
potential airgun detections for accuracy. Airgun blastgeenergy as low as 10 Hz and can extend
up to 250 Hz or higher, lasting for a few seconds including the reverberation.

Low-Frequency Active Sonar
Low-frequency active sonar includes military sonar between 100 and 500 Hz and other sonar

systems up to 1 kHz. Effort was expended for LFA sonar between 500 Hz and Hidgliz 36).
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Figure 36. LFA at 950 Hz in the LTSA (top) and spectrogram (bottomyecorded at HAT.
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Mid -Frequency Active Sonar

Sounds from MFA sonar vary in the frequency range 10 kHz) and are composedilses of

both frequency modulated (FM) sweeps and continuous wave (CW) tones grouped in packets with
durations ranging from less than 1 s to greater than 5 s. Packets can be composed of single or
multiple pulses and are transmitted repetitively as warnegwith interpacketintervals typically

greater than 20 $-{gure37). In the SOCAL Range Complex, the most common MFA sonar packet
signals are between2 and5kiind ar e known more generally as

MFA sonar was detected using a modified version of the Silbido detection system (Roch et al.,
2011) designed for characterizing toothed whale whistles. The algorithm identifies peaks in time
frequency distibutions (e.g. spectrogram) and determines which peaks should be linked into a
graph structure based on heuristic rules that include examining the trajectory of existing peaks,
tracking intersections between tisffrequency trajectories, and allowing forddrsignal dropouts or
interfering signals. Detection graphs are then examined to identify individual tonal contours looking
at trajectories from both sides of tifrequency intersection points. For MFA detection, parameters
were adjusted to detect tor@@ntours at or above 2 kHz in data decimated to a 10 kHz sample rate
with time-frequency peaks with signal to noise ratios of 5 dB or above and contour durations of at
least 200 ms with a frequency resolution of 100 Hz. The detector frequently triggereide®n

produced by instrument disk writes that occurred at 75 s intervals. Over periods of several months,
these disk write detections dominated the number of detections and could be eliminated using an
outlier detection test. Histograms of the detecttant simes modulo the disk write period were
constructed and outliers were discarded. This removed some valid detections that occurred during
disk writes, but as the disk writes and sonar signals are uncorrelated this is expected to only have a
minor impac¢ on analysis. As the detector did not distinguish between sonar arahtioopogenic

tonal signals within the operating band (e.g. humpback whales), human analysts examined detection
output and accepted or rejected contiguous sets of detections. 8tarntcatime of these cleaned

sonar events were then created to be used in further processing.

These start and end times were used to read segments of waveforms upon which a 2.4 to 4.5 kHz
bandpass filter and a simple time series energy detector was dpplietgct and measure various
packet parameters after correcting for the instrument calibrated transfer function (see Wiggins, 2015
for details). For each packet, maximum péadpeak (pp) received level (RL), sound exposure level
(SEL), rootmeansquarg RMS) RL, date/time of packet occurrence, and packet duration (for RLpp
-10dB) were measured and saved. Various filters were applied to the detections to limit the MFA
sonar detection range to ~20 km for-afis signals from an AN/SQS 53C source, whigulted in

a received level detection threshold of 130 dBpp re 1 pPa. Instrument maximum received level for
these recordings was ~163 dBpp re 1 uPa above which waveform clipping occurred. Packets were
grouped into wave traireeparated by more than 1 habacket received level distributiovas

plotted in each wave train over the study period.

37



0 0.1 0.2 0.3 04 0.5 06 0.7 0.8 0.9
06/17/2015 19:21:00 Time [hours]

1 2
06/17/2015 19:29:32 Time [seconds]

Figure 37. MFA sonar in the LTSA (top) and spectrogram (bottom)recorded at HAT.
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High-Frequency Active Sonar

HFA sonar is used fapecialty military and commercial applications including higholution
seafloor mapping, sherange communications, such as with Autonomous Underwater Vehicles
(AUVs), multi-beam fathometers, and submarine navigation (Cox, 2004). HFA sonar upsweeps

between 10 and 100 kHz were manually detected by analysts in LTSA lpigts€38). There were
no detections of HFA sonar in this deployment.
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Echosounders

Echosounding sonars transmit short pulses or frequency sweeps, typically in tiredngimcy
(abovelOkHz) band(Figure39), though echosounders are occasionally found in thefneigiency

range (25 kHz). Many large and small vessels are equipped with echosounding sonaefor wa

depth determination; typically these echosounders are operated much of the time a ship is at sea, as
an aid for navigation. In addition, sonars may be used for sea bottom mapping, fish detection, or
other ocean sensinBresence ofigh-frequency echasindersvasmanually detected by analysts
reviewing LTSA plots.
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Figure 39. Echosoundersn LTSA (top) and spectrogram (bottom)recorded at HAT .

4C



Results

The results of acoustic data analysis at HAM April 2015 to Januar2016are presentedWe
describe ambient noise and the seasonal occurrence and relative abundance of several marine
mammal acoustic signals and anthropogenic sounds of interest.

Ambient Noise

To provide a means of evaluating seasagpalctralvariability, daily-averaged spectra were
processed into monthigverages. It is important to note that while incomplete days have been
removed from analysis, incomplete months were Rattial months include an asterisk (*) in the
color legend and are detailedTiable 2

Table 2. Incomplete months included in ambient noise analysis during this recordingeriod.

Deployment Month/Year Days of Data / Days in Month
HATO5A 4/2015 24/31
HATO5A 1/2016 21/31

1 Underwater ambient noise at HAT hlaigher spectralevels at low frequencies, owing to
the dominance of shignd airgumoise at frequencies below 100.Hz

1 Prominent peaks in noise were observed around 2uHzg winter monthand are related
to seasonally increased presence of fin whalks, with highest levels during winter
months

1 Peaks observeat approximately120 andlL70 Hz are related to seasonally increased
presence of minke whale pulse trains, with highest levels during winter months

1 Increased levels in July/Augudl15are obsrved between 120Hz and are related to
increased presence of seismic airgun surv&milarly, decreased levels in that band are
observed between Majune2015when airgun surveys were not detecfBaere was about
6 dB difference in levels at 20 Hz g these two periods.
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Figure 40. Monthly averages of ambient noise at HATrom April 2015 to January 2016 Legend gives
color-coding by month. Months with an asterisk (*) have partial recording effort.
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Mysticetes
Threeknown baleen whal species were recorded betwégmil 2015and January 2016in
whales, sewhales andminke whalesMore detai s of each <samgwenbelswd pr esen

Fin Whales
| Fin whale 20 Hz call§éas measured by the acoustic inde i rebaV, R015), peaked
from November 2013hrough earlydanuary2016(Figure41).
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Figure 41. Weekly value of fin whale acoustic index (proxy for 20 Hz callgjom April 2015 to
January 2016 at HAT. Gray dots represent percent of effort per week in weeks with less than 100%
recording effort. Where gray dots are absent, full recording effort occurred for the entire weelkDates
are abbreviated as monthyear (mmmyy).
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Sei Whales

1 Sei whale downsweegalls were detected in December 2015 and January (#Fjiire4?2).

1 There was ndliscernablaliel pattern for sei whaldownsweep callgFigure43).

11

5.5

Cumulative Hours per Week

Figure 42. Weekly presence (black bars) of sei whale downsweep cdittsm April 2015 to January

2016 Effort markings are described inFigure 41.

Figure 43. Sei whale downsweep cali® hourly bins (blue bars) from April 2015 to January 2016.
Gray vertical shading denotes nighttime.
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Minke Whales
1 Minke whale pulse traidetectionsccurredn April and May2015 andpeaked again from
November 2015 to January 20@8gure44).
1 There was ndiscernable diel patte for minke whale pulse trainEigure45).
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Figure 44. Weekly presence (black bars) of minke whale pulse trairfisom April 2015 to January
2016 Effort markings are described inFigure 41

Figure 45. Minke whale pulse tains in hourly bins (blue bars) from April 2015 to January 2016.
Effort markings are described inFigure 43.
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